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The Technology Application Center (TAC) is  one of six NASA- 
sponsored, nonprofit, regional centers for the transfer of 
technology to industry, local government, and the private sector 
in general. Through TAC, access to most of the world's 
available technical information i s  conveniently and inexpensively 
provided to potential users, regardless of their size or technical . .  .. - 'interest area. 

, Through i t s  professional staff, TAC offers a wide variety of 
technical information and technological support services. 

You are invited to contact the center directly for details and a 
discussion of how we can further serve your needs. 
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This material is disseminated under the auspices of the National 
Aeronautics and Space Administration in the interest of 
information exchange. Neither the United States government noi 
the universiry of New iviexico assuriies any iiabiiity for iis i;uniei 
or the use thereof. 
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The Technology Appl ica t ion  Center  (TAC) i s  
one of s i x  NASA-sponsored, nonpro f i t ,  re- 
g i o n a l  c e n t e r s  f o r  t h e  t r a n s f e r  of technology 
t o  i n d u s t r y ,  loca l  government, and t h e  p r i v a t e  
sector i n  g e n e r a l .  Through TAC, access t o  
m o s t  of t h e  wor ld ' s  a v a i l a b l e  t e c h n i c a l  
in format ion  is convenient ly  and inexpensively 
provided t o  p o t e n t i a l  u s e r s ,  r e g a r d l e s s  of  
t h e i r  s i z e  or t e c h n i c a l  i n t e r e s t  area. 

Through i t s  p r o f e s s i o n a l  s t a f f ,  TAC o f f e r s  
a wide v a r i e t y  of t e c h n i c a l  in format ion  and 
t echno log ica l  support  serv.ices. 

You are i n v i t e d  t o  c o n t a c t  t h e  c e n t e r  d i r e c t l y  
for  d e t a i l s  and a d i scuss ion  of how w e  can 
f u r t h e r  serve your  needs. 

Technology Appl ica t ion  Center  
Un ive r s i ty  of N e w  Mexico 
Albuquerque, N e w  Mexico 87131 
(505)  277-3622 

sir 

This  material i s  disseminated under t h e  
ausp ices  of the Nat ional  Aeronaut ics  and 
Space Adminis t ra t ion i n  t h e  i n t e r e s t  of 
in format ion  exchange. iu'either the United 
States  government nor  t h e  Un ive r s i ty  of New 
Mexico assumes any l i a b i l i t y  for  i t s  c o n t e n t  
o r  the use  t h e r e o f .  
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. 
~ PREFACE 

- .- HYDROGEN ENERGY i s  a cont inuing  b i b l i o g r a p h i c  summary wi th  
abstracts of  r e s e a r c h  and p r o j e c t i o n s  on t h e  s u b i e c t  of 
. -  

.) 

.,-- 

hydrogen as a secondary f u e l  and as an energy c a k i e r .  
first volume w a s  publ i shed  i n  January ,  1 9 7 4  and i s  cumulative 
through December of 1973. 
from t h e  Technology Appl ica t ion  Center ,  as are t h e  q u a r t e r l y  
update series for 1974, 1975 and 1 9 7 6 ,  

Th i s  update  t o  HYDROGEN ENERGY c i tes  a d d i t i o n a l  r e f e r e n c e s  
i d e n t i f i e d  du r ing  t h e  f i r s t  q u a r t e r  of 1977.  I t  i s  t h e  
f irst  i n  a 1977 q u a r t e r l y  s e r i e s  in tended  t o  provide ' 'cur- 
r e n t  awareness" t o  t h o s e  i n t e r e s t e d  i n  hydrogen energy. 

For t h e  r e a d e r %  convenience, a series of cross indexes a r e  
inc luded  which track d i r e c t l y  w i t h  those  of t h e  cumulative 
volume. See "Guide t o  U s e  of t h e  Pub l i ca t ion . "  

A l i b r a r y  con ta in ing  some of t h e  ar t ic les  and p u b l i c a t i o n s  
r e f e r e n c e d  i n  t h i s  uFdate and t h e  cumulative volume has  been 
e s t a b l i s h e d ,  and t h e  Center w i l l ,  on a cost-recovery b a s i s ,  
a id  r e a d e r s  t o  o b t a i n  copies  of any c i ted  material .  
a cons ide rab le  e f f o r t  h a s  been made t o  i n s u r e  t h a t  t h e  bib- 
l i og raphy  is  complet,e, r eade r s  are encouraged t o  b r i n g  any 
omiss ions  t o  t h e  a t t e n t i o n  of t h i s  Center .  

The 

Add i t iona l  cop ie s  are a v a i l a b l e  

.. *,. 

Although 

The Technology Appl ica t ion  Center  i s  one of s i x  I n d u s t r i a l  
App l i ca t ion  C e n t e r s  e s t a b l i s h e d  by N A S A ' s  Technology U t i l i -  
z a t i o n  Program t o  e v a l u a t e  and d isseminate  new technology t o  
t h e  gene ra l  p u b l i c  and commercial bus iness .  

iii 
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W e  n o t e  w i t h  i n t e r e s t  some t r ends  i n  t h e  hydrogen energy f i e l d .  The 
first t r e n d  concerns t h e  b a s i c  source t h a t  Su?pl ies  energy f o r  water 
decomposition. 
t h e  p o s s i b i l i t y  of us ing  a l t e r n a t e  energy sources  such as s o l a r  energy,  
wind energy,  ocean thermal  g r a d i e n t s ,  e tc . ,  r a t h e r  t han  r e l y i n g  on 
e i t h e r  convent iona l  f u e l s  o r  nuc lea r  energy f o r  hydrogen product ion.  
Hydrogen o r  ammonia (der ived  from it) a r e  envis ioned  f o r  s t o r a g e  of 
t h e  d i f f u s e ,  i n t e r m i t t e n t  forms of  renewable energy. 

Inc reas ing  numbers of r e s e a r c h e r s  are i n v e s t i g a t i n g  

A second t r e n d  i n d i c a t i n g  a c e r t a i n  "matur i ty"  of  t h e  f i e l d  is  a2parent  
i n  t h e  p u b l i c a t i o n s  area. N o  longer  i s  t h e  l i t e r a t u r e  found i n  random, 
p e r i p h e r a l  p u b l i c a t i o n s  (although some of it c e r t a i n l y  is!. The 
m a j o r i t y  of papers  and s t u d i e s  i n  t h e  hydrogen energy f i e l d  a r e  ap- 
pea r ing  i n  e i t h e r  t h e  " I n t e r n a t i o n a l  J o u r n a l  of  Hydrogen Energy" 
(Pergamon Press) o r  i n  hard cover form. Two p u b l i c a t i o n s  i n  t h e  l a t t e r  
form are of impor tan t  no te :  (1) The i n t e r e s t i n g  book t i t l e d :  "Energy, 
The Solar - Hydrogen Al t e rna t ive"  au thored  by P r o f e s s o r  J. O 'M.  BockrFs  
(Wiley, 1975) t h a t  d e t a i l s  i n  g r e a t  measure some of t h e  a u t h o r ' s  fu-  
t u r i s t i c  t h i n k i n g  r ega rd ing  t h e  world,  i t s  energy problems and p'o- 
pos ing  solar - water e l e c t r o l y s i s  technology as t h e  c u r e ,  and ( 2 )  t h e  
CRC (Chemical Rubber Company) Uniscience S e r i e s  t i t l e d  : "Hydrogen, 
Its Technology and Impl i ca t ion"  edited by t h i s  e d i t o r  ( K ,  E. Cox) to-  

"ge the r  w i t h  D r .  Kenneth D. Williamson 'of t h e  L o s  Alamos S c i e n t i f i c  
Laboratory,  The l a t t e r  set of f ive volumes covers  a l l  facets of  
Hydrogen Energy, i .e.  Product ion,  Transmission and S to rage ,  P r o p e r t i e s ,  
U s e  and Impl i ca t ions .  A t  t h i s  t i m e ,  V o l u m e  111, P r o p e r t i e s ,  i s  
available w i t h  t h e  o t h e r  volumes fo l lowing  s h o r t l y .  

Together  w i t h  t h e s e  t r e n d s ,  w e  note a diminishing.  i n  t h e  "p ro tagon i s t "  
pape r s  advocat ing t h e  advantages of  hydrogen, indeed,  most of t h e  
l i t e r a t u r e  i s  concerned wi th  s e r i o u s  r e p o r t i n g  of work accomplishments 
v e r i f y i n g  t h e  a s s ~ m p t i o n s ~ o f  the  p a s t .  The papers  are be ing  he ld  f o r  
p u b l i c a t i o n s  a t  r e g u l a r  forums such a s  t h e  Miami Hydrogen Conferences 
i n d i c a t i n g  a l a c k  of r e l e v a n t  l i t e r a t u r e  i n  t h e  in t e r im .  

W e  u rge  t h e  r e a d e r s  of t h e  p u b l i c a t i o n  t o  e i t h e r  send u s  r e s u l t s  of 
t h e i r  work o r  of work they  know about  t h a t  may have escaped our  sea rch  
f o r  f u t u r e  i n c l u s i o n  i n  the  document. 

The E d i t o r s  

D r .  Kenneth E. Cox 
P r o f e s s o r ,  Chemical & Nuclear  
Engineer ing Department 
D r .  Mani Natara ian  
Technolgoy Appl ica t ion  Center  
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A number of f e a t u r e s  have been i n c o r p o r a t e d  t o  h e l p  t h e  
r e a d e r  u s e  t h i s  document. They c o n s i s t  of :  

0- A TABLE O F  CONTENTS l i s t i n g  g e n e r a l  c a t e g o r i e s  
of s u b j e c t  c o n t e n t  and i n d e x e s .  More s p e c i f i c  
cove rage  by s u b j e c t  keyword, t i t l e ,  a u t h o r ,  o r  
c o r p o r a t e  s o u r c e  i s  a v a i l a b l e  th rough  t h e  appro-  
p r i a t e  i n d e x .  

-- CITATION NUMBERS a s s i g n e d  t o  e a c h  r e f e r e n c e .  These 
numbers, w i t h  t h e  p r e f i x  omi t t ed ,  are used i n s t e a d  
of page numbers t o  i d e n t i f y  r e f e r e n c e s  i n  t h e  v a r i o u s  
indexes .  They a re  also used  a s  TAC i d e n t i f i e r  
numbers when d e a l i n g  w i t h  document o r d e r s  so please 
u s e  t h e  e n t i r e  ( p r e f i x  i n c l u d e d )  c i t a t i o n  number when 
c o r r e s p o n d i n g  w i t h  TAC r e g a r d i n g  a r e f e r e n c e .  An 
open ended numbering system fac i l i t a tes  e a s y  i n c o r -  
p o r a t i o n  of subsequent  u p d a t e s  i n t o  t h e  o r g a n i z a t i o n  
of t h e  ma te r i a l .  In  t h i s  system, numbers a s s i g n e d  
t o  new c i t a t i o n s  i n  each c a t e g o r y  w i l l  f o l l o w  d i r -  
e c t l y  t h e  l a s t  a s s i g n e d  numbers i n  t h e  p r e v i o u s  
p u b l i c a t i o n .  The c i t a t i o n  number of t h e  l a s t  refer- 
ence  on e a c h  page  appears on t h e  upper  r igh t -hand  
c o r n e r  of t h a t  page  t o  f a c i l i t a t e  q u i c k  l o c a t i o n  of 
a ' s p e c i f i c  i t e m .  

-- DIVIDER PAGES a t  t h e  beg inn ing  of e a c h  major  sec- 
t i o n s  c o n t a i n i n g  t h e  s e c t i o n  nurnber a n d  t i t l e .  
When a s u b s e c t i o n  h a s  no  c i t a t i o n s  f o r  t h a t  p a r t i -  
c u l a r  u p d a t e ,  a d i v i d e r  page  w i t h  t h e  s u b s e c t i o n  
number and t h e  n o t i c e  "NO C i t a t i o n s  i n  T h i s  Category"  
is i n s e r t e d  where t h a t  s u S s e c t i o n  would normal ly  
appea r .  

-- A REFERENCE FORMAT c o n t a i n i n g  t h e  TAC c i t a t i o n  
number, t i t l e  of refcrmce,  a u t h o r ,  c o r p o r a t e  
a f f i l i a t i o n ,  r e f e r e n c e  s o u r c e ,  c o n t r a c t  or g r a n t  
number, abs t rac t ,  and keywords. The r e f e r e n c e  
s o u r c e  t e l l s ,  t o  t h e  b e s t  o f ' o u r  knowledge, where 
t h e  r e f e r e n c e  came from. If from a p e r i o d i c a l ,  t h e  
r e f e r e n c e  source c o n t a i n s  t h e  p e r i o d i c a l ' s  t i t l e ,  
volume number, page number, and d a t e .  I f  f o r  a 
r e p o r t ,  t h e  r e f e r e n c e  s o u r c e  c o n t a i n s  t h e  r e p o r t  
number a s s i g n e d  by t h e  i s s u i n g  agency,  number of 
pages, and  d a t e .  

. 
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--An I N D E X  OF AUTHORS a lphabe t i zed  by a u t h o r ' s  l a s t  
name. A r e f e r e n c e ' s  author i s  followed by t h e  
r e f e r e n c e ' s  c i t a t i o n  number. 
each a u t h o r  is l i s t e d  i n  t h e  index.  

For m u l t i p l e  au tho r s ,  

--An I N D E X  OF PERMUTED TITLES/KEYWORDS a f f o r d s  access 
through major words i n  the t i t l e  and through an  
a s s igned  se t  of keywords f o r  each c i t a t i o n .  A ref- 
e r e n c e ' s  t i t l e  is followed by the r e f e r e n c e ' s  c i ta-  
t i o n  number. I n  t h e  indexes,  a l l  t h e  words p e r t a i n i n g  
t o  a r e f e r e n c e  a r e  permuted a l p h a b e t i c a l l y .  
the c i t a t i o n  number f o r  a r e f e r e n c e  appears  a s  many 
t i m e s  as th'ere a r e  major  t i t l e  words o r  keywords f o r  
that  r e fe rence .  T h e  permuted words run  down t h e  c e n t e r  
o f  an index  page. The rest of the t i t l e  o r  keywords 
appear  a d j a c e n t  t o  a permuted w o r d .  S ince  a t i t l e  
o r  set  of keywords is allowed on ly  one l i n e  p e r  per- 
muted word the beginning, t h e  end, o r  both ends of a 
t i t l e  o r  se t  of keywords nay be c u t  o f f ; .  o r ,  i f  space 
permi ts ,  it w i l l  be cont inced  a t  t h e  o p p o s i t e  side of' 
the page u n t i l  it runs  back i n t o  i t s e l f .  A !# i n d i c a t e s  
the end of a t i t l e  o r  s e t  of keywords w h i l e  a / i n d i -  
cates where a t i t l e  or  set  of keywords has been c u t  
off w i t h i n  a l i n e .  

Thus, 

- 
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H77 10270 AYDROGEN, ITS TECHXOLOGY AND 1.XDLiCATIONS : HYDROGEN PROPERTIES VOLGME 111 

McCarty, R . D . ,  (Nat ional  Bureau of Standards,  U . S .  Department of Commerce, aoulder ,  C O ) ,  
Cox, K.E. , ed. , (Univers i ty  of  New Nexico, Albuquerque, XM) , Williamson, K . D . ,  (Los 
Alamos S c i e n t i f i c  Laboratory,  t os  Alamos, N M ) ,  CRC Press, Inc . ,  Cleveland, OH, 1975 

An important  p a r t  of any t r e a t i s e  on a subjec t  such a s  hydrogen i s  i t s  themo-  
phys ica l  p rope r t i e s .  To a l a r q e  e x t e n t ,  these Ceternine how hydrogen can Se s t c r e d ,  
t ransmi t ted ,  and then u t i l i z e d  a s  a secondary energy source,  and energy s to rage  system, 
o r  a bu i ld ing  block f o r  more complex molecules. The Nat ional  Bureau of Standards,  
Cryogenics Laboratory i n  Boulder, Colorado, has played a lead ing  r o l e  i n  experirrental  
programs t o  obta in  hydrogen p rope r t i e s .  
d a t a  and documents pe r t inen t  t o  t h e  f i e l d  for  over  15 years .  The b a s i s  of  Volume 111 
i n  the  CRC "Hydrogen, Its Technology and Implicat ions"  e d i t e d  by Cox and Williamson 
i s  Robert D. McCarty's "Hydrogen Technological Survey - Thernophysical P rope r t i e s "  
i ssued  i n  1975 a s  NASA Report SP-3089. This  publ ica t ion  was p a r t  of a major hydrogen 
s a f e t y  review by t h e  NASA Aerospace Safe ty  and Data I n s t i t u t e  (ASP.DI). The volume 
ga the r s  toge ther  a l l  t he  a v a i l a b l e  thernophysical  p rope r t i e s  of hydrogen i n  t abu la r  
o r  g raph ica l  form. 
those  who need to pursue the  f i e l d  i n  g r e a t e r  depth.  

( PROPERTY, THE-WOPHY S I CAI, ) 

The Cryogenic Data Center has  been c o l l e c t i n g  

A comprehensive l i s t  of 287 o r i g i n a l  re ferences  a r e  provided f o r  

H77 10271 INTEXNATIONAL COOPERATION ON DEVELOPMENT O F  HYDROGEN TECSNOLOGIES 

Vanderryn, J., (U.S. ERDA, Washington, DC) , Salzano, F . J . ,  (Brookhaven Nat ional  Labo- 
r a t o r y ,  Upton, L . I . ,  N Y ) ,  Bowman, M.G., (Los Alamos S c i e n t i f i c  Laboratory,  Los Alainos, 
NE.11, I n t e r n a t i o n a l  Journa l  ~. .. of - Hydrogen Energy, V 1:357-363, N 4 ,  1977 . . . . ___ .. - .. . 

The product ion t ransmission and u t i l i z a t i o n  of hydrogen has .been i d e n t i f i e d  a s  
one cf t he  p r i o r i t y  arOas f o r  i n t e r n a t i o n a l  cooperation under t h e  In t e rna t iona l  Energy 
Agency. Two coord ina t ing  committees and two working panels  have been organized t o  
coord ina te  coopera t ive  a c t i v i - t i e s . $ n  t h e  f i e l d s  of  water e l e c t r o l y s i s ,  thermochemical 
'wates s p l i t t i n g ,  t he  i n t e r f a c i n g  of nuc lear  r eac to r s  with producrion processes  and the  
genera l  a r e a  of systems s t u d i e s  and assessment of  a developing hydrogen technolcgy. 
Xeetings o f  these  groups have Seen he ld  with p a r t i c i p a t i n g  expe r t s  from i n t e r e s t e d  
coun t r i e s .  From t5ese developments it i s  qu i t e  c l e a r  t h a t  t h e  cooperat ive programs 
under t h e  IEA w i l l  l ead  t o  improved R s D Programs. One goa l  of t he  cooperat ion i s  
j o i n t  p a r t i c i p a t i o n  of t h e  member coun t r i e s  i n  t h e  l a rge  and expensive commercial 
demonstration of  t he  developing new technolow.  

(TMSMISSION, UTILIZATION,  NUCLEAR) 

H77 10272 HYDROGZX ENERGY TECHNOLOGY -'UPDATE 1976 
.. . . ., 

?ancborr,, J.B., Gregcry, D.P . ,  (Eneygy System Research, I n s t i t u t e  of Gas Technoloqy, 
Chicago, IL), I n t e r n a t i o n a l  Zournal of Hydrogen Energy, v 1:331-340, ~ 3 ,  1976  

Hydrogen, a chemical comnodrty and f u e l  now produced from n a t u r a l  gas ,  C C U ! . ~ ,  
i n  the  f u t c r e ,  become a widely used f u e l  produced from water and d iverse  energy sources .  
Since t h e  i n i t i a l  f l u r r y  of i n t e r e s t  i n  "hydrogen economy" concepts ,  se r ious  f e a s i b i l i t y  
s t u d i e s ,  t e c h n o l o g  assessments,  and e.xperimenta1 s t x i i e s  have i d e n t i f i e d  economic and 
technologica l  problem areas .  Production now apcears  t o  be t h e  focas  of most hydzogeE 
re sea rch  anddevelopment e f f o r t s  a s  shown Sy a review of t he  tec.hnica1 pa?ers presenrred 
a t  t h e  F i r s t  World Hydroqen Energy Conference. Spec i f i c  i ndusc r i a l  uszs ,  e l e c t z i c  
power s t o r a g e ,  and perhaps ad8itior.s  of hydrogen t o  supplement t he  n a t u r a i  gas supply 
appear t o  be near-term prospec ts  f o r  h y d ~ o g e n , u t i l i z a t i o n .  

(RESSARCH, DEVELOPXELFT, FUEL) 

. -_ 

H77 10273 TECXXOLOGIES TODAY AND TOMORROW 

Ohta, T . ,  (Facul ty  of Engineering, 'lokohana Sa t iona l  Univers i ty ,  Yokohama, J apan) ,  
I n t e r n a t i o n a l  Journal  of  Eiyirogen Energy, V 1:211-242, N2, 1 9 7 6  

energy-forms and r e f i n e  n a t e r i a l s  f r e e l y ,  the ques t ion  i s  how t o  accomplish t h i s  w i n g  
r ep len i shab le ,  widely ava i l ab le  resources  suc.4 as sunshine,  water ,  a i r  and s o i l .  This 

be named "Resource-Leveling" technoloqies  . This s i g n i f i e s  the  f a c t  t h a t  resources  

i n s t a n c e s ,  and which do not  s u f f e r  t he  mald is t r ibu t ion  c h a r a c t e r i s t i c s ,  say O f  o i l .  

Gi-;en t h a t  it i s  necessary f ? r  sc ience  and technology t o  produce o r  synthes ize  

a i s  t h e  new ca l lenge .  Technologies which cont r ibu te  t o  meeting t h i s  ob jec t ive  could 

. a r e  t o  be employed which a r e  not normally thought of as being resourxes in sany 

!CYEFr-Y, ?ESOL:?.CE, !JP.TEP.) 
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H77 10274 FCSSIL/HYDROGEN ENERGY MIX AND POPULATION CONTROL 

Veziroglu, T.M., Kakac, S . ,  Sasar, O., Forouzanmehr, N., (Cn:Versity Of Miami, Coral 
Gables, FL) , I-tornational Jouxal cf Eyercqen Er.=rqy, V 1:205-217, S 2 ,  1576 

various ratios, has been considered as a function of some population growth controls. 
The results indicate that the increased use of hydrogen and slowing down the popula- 
tion growth would have beneficial effects on various world parameters such as pollu- 
tion, resource conservation ar.d the quality of life. 

(SYSTEM, FUEL, POLLUTION) 

An energy system based on fossil fuels ar.d synthetic hydrogen fuel, mixed at 

877 10275 HYDROGEN EXERGY SYSTEMS TECHNOLOGY STUDY 

Kelley, J.H., (Jet Propulsion Laboratory, Pasadena, a), International Journal of 
Hydrogen Energy, V 1:199-204, N2, 1976 

initiated the Hydrogen Enerqy Systems Technology (HEST) Study in the autumn of 1974. 
The Caltecn Jet Propulsion Laboratory (JPL) vas made resgonsible for conducting the 
study and reporting the results, with acive support from several NASA Centres tt.rough 
a Working Panel. Objectives of the study were defined to be the assessment of national 
needs for hydrogen, based on current uses and visible trends, and determination of 
the critical research and technology activities required to meet these needs, with 
attention to economic, social, and environmental considerations, providing a basis 
for the planning of a hydrogen research and technology program. 

The National Aeronautics and Space Administration (NASA) Office of Energy Programs 

(RESEARCH, TECXXOLOGY , ENVIRCNMENT) 

B77 10276 HYDROGEN-OXYGEN UTILIZATION SYSTEMS 

Escher, W.J.D., (Escher Technology Associates, St. Johns, XI), International Journal 
of Hydrogen Enerqy, V 1:189-198, ~ 2 ,  1976 

A Hydrogen-energy system embracing production, 5elivery and utilization or end- 
use means, can alternatively take on one of two basic configurations: (1) hydrogen 
(only) o r  (2) hydrogen + oxygen. The former, which would be analagous to today's 
natural gas system, implies air-using utilization devices in which the oxygen required 
for sustaininq the using-point energy conversion by way of heat-release or electric- 
ity-generation, is extracted from the atmosphere. 

(PRODUCTION, UTILIZATION, NATUZAL GAS) 

9 

H77 10277 THE ROLE OF HYDROGEN IN TEIE ENERGY FUTURE OF THE UNITED STATES 

Gregory, D.P., (Institute of Gas Teshnoloqy, Chicago, IL), International Journal of 
Hydroaen Energy, V 1:109-112, N2, 19'76 

It is commonly believed that to sustain a healthy economic growth, the use of 
energy in the U.S. musr, also continue to grow. When we lcok at the alarzing decline 
in the availability of oil and gas, we can clearly see that a major shift must be 
made toward other energy sources - Ruclear, solar and coal being the most abundant 
and important - if the U.S. is going to have the energy to continue this qrowth. The 
use of conventional technology stzessrs the conversion of these energy forms into 
electricitg f o r  eelivery to the customer. Because elecczicity is not readily storable, 
is expensive to transmit and is not i-mediately useful in the vast majority of 
industrial and domestic energy-consuming equi?ment, the alternative course of convert- 
ing these abcndant energy sources to a chemical fuel that is more compatible with 
today's energy distribution and utilization equipment has merit. 

(NUCLEAR, S O W R  , COAL) 

H77 10278 HYDROGEN ENERGY 

Gregory, D.P., Pangborn, 5.3. (Institute of Gas Technology, Chicago, Ii), Annual review 
of Energy. v 1:279, March 1976 

. As this country's energy supply moves toward a system based on nonfossil sources, 
we must consider now these new energy sources can best be delivered to the customer. 
Nuclear technology is currently used to provide electric power, and nost research 
and development applied to the bulk conversion of energy from solar, geothermal, wind, 
tide, ar.d biologicil sources is also associated with electric power. In the future, 
nonfossil energy sourcss sust be csea in vascly increased amcunts, for this is the only 
way to Frovide the United States with an adequate energy supply not dependent upon 
imports that will be politically and economically detrimental during the twenty-first 
century. 

(SUPPLY, FQSSIL 'CEL, :JUCLEAX, CO:J'JERSICN) 
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R77 20566 HYDROGEN PRODUCING CYCLES USING EUCTRICITY AND HEAT - HYDROGEN HALIDE 
CYCLES: ELECTROLYSIS OF RBr 

Schuetz,  G.A., ( J o i n t  Research Centre of the  European Cornuni t ies  I s p r a  Establ ishment ,  
( V a , ) ,  I t a l y ) ,  I n t e r n a t i o n a l  j ou rna l  of Hydrogen Energy, V 1:379-388, N 4 ,  1977 

An a l t e r n a t i v e  t o  water e l e c t r o l y s i s  o r  thermochemical water s p l i t t i n g  f o r  hydro- 
gen production could be a process  using both e l e c t r i c i t y  and hea t .  
of hydrogen h a l i e e s  may be an i spo r t anc  s t e p  of such hybrid processes.  Sone p r e l i m i -  
nary r e s u l t s  ob ta iaed  by e l ec t ro lyz ing  concentrated hydrobromic ac id  wi th  d i f f e r e n t  
e l ec t rode  ma te r i a l s  and a t  d i f f e r e n t  temperatures a r e  presented.  High c u r r e n t  densi-  
t i e s  were obtained a t  1 V and less wit!! e lec t rodes  of noble metals a t  low broinine 
concent ra t ions .  

The e l e c t r o l y s i s  

.*CELECTROLYSISe THE-WCHEMICAL 1 ELECTRICITY) 

877 20567 COEIPETITIVELY PRICED aYDROGEX V I A  HIGEI-EFFICIENCY NUCLEAR ELECTROLYSIS 

Esther, W.J .D. ,  Donakowski, T.D., ( I n s t i t u t e  of Gas Technology, Chicago, I L ) ,  Inter-  
na t iona l  Journa l  of  Hydrogen Enerqy, V 1:389-399, N4, 1'977 

A f u l l y  dedica ted  nuc lea r - e l ec t ro ly t i c  hyckogen-production f a c i l i t y ,  based on 
advanced (1935) technology, has been synthesized and assessed a t  t he  conceptual l eve l .  
The f a c i l i t y  i n t e g r a t e s  1) an %TGR opera t ing  a binary shaf tpower-extract ion cyc le  a t  
98QOC ( l 8 0 0  F) top  tenperat iz te ,  2 )  d i r e c t  d.c. e l e c c r i c i t y  generat ion v i a  a c y c l i c  
genera tors ,  and 3) high-current  dens i ty ,  h igh -p r s s sue  e l ec t zo lyze r s  based on t h e  
s o l i d  polymer e l e c t r o l y t e  approach. All subsystems a r e  close-coupled and opt imal ly  
in t e r f aced .  Pipel ine-pressure hydrogen and coproduct oxygen a r e  produced a t  6900kPa 
(1000 p s i ) .  On c o n s i s t e n t  cos t ing  bases ,  t h e  advanced f a c i l i t y  concept w a s  found t o  
provide hydrogen c o s t s  t h a t  were approximately ha l f  those assoc ia ted  wit!! convent ional ,  
contemwrary-technology nuclear  e l e c t r o l y s i s .  Representat ive c o s t s  w e r e  $4.81/GJ 
($5.07/mill ion a t u )  vs $9.36/GJ ($9.88/rnil l ion 9 t u ) .  The nuc lear  heat-to-hydrogen 
en*rgy conversion e f f i c i e n c y  f o r  the advances systen was e s t i n a t e d  a s  43%, vs 25% 
for t h e  b a s e l i n e  present-day approach. 

(NGCLWR, ELECTROLYSIS, COST) 

377 21123 ?HE THEXYOCHEMICAL HYDROGEN PROGRAM AT N.C.L.I. 

Rotera,  Y., (Nat iona l  Chemical Laboratory for InBustry,  Eeguro Tokyo, J apan) ,  I n t e r -  

Laboratory f o r  Indus t ry  ( X . C . L . 1 . )  i n  Tokyo, japan on the  pro iuc t ion  of hydrogen from 
92s or  H2O by tharnochemical processes .  Emphasis is  placed on t h e  chemistry of t he  
processes  and t h e  u s e  of c a t a l y s t s  i n  var ious  reac t ions .  

'. - ~ n a t i c n a l  Journa l  of Xydrogen Energy, V 1:219-220, N2, 1976 
This  short comnunication descrise's work now underway a t  the  Nat ional  Chenical 

(CYCLE, CATALYST, PRODUCTIOX) 

n77 2112s STAGE EFFICIENCY IN THE ~LVALYSIS OF THERNOCBE~XXUIICU WATER DECOMPOSITION 
PROCSESES 

Conger, W.L., Funk, J.S., Carty,  R.H., Soliman, M.A., Ccx, K' .E . ,  (The College of  
Eaqineer ing,  The Universipf of  Kentucky, Lexington, KY) , Inzerna t iona l  Journa l  of 
Hydrogen InerTy,  7 1:245-250, N 2 ,  1 9 7 6  

The proce2ure f o r  analyzing L?ernochemical water -spLi t t ing  processes  using the  
f i g u r e  of merit is expanded t o  include ind iv idua l  s t age  e f f i c i e n c i e s ,  n j ,  and loss 
c o e f f i c i e n t s ,  z , , .  The use of these  q u a n t i t i e s  t o  e s t a b l i s h  the  thermodynamic inef -  
f i c i e n c i e s  of eacn s t age  i s  shown. A number of a rocesses  a r e  used t o  i l l u s t r a t e  
t hese  concepts  and procedures and t o  demonstrate tile f a c i l i t y  with which process  
s t e p s  c o n t r i b u t i n g  nos t  t o  t!!e cyc le  e f f i c i ency  a r s  found. The proceciure aliows 
a t t e n t i o n  t o  be d i recced  t o  those s t eps  of the a rocess  where the  g r e a t e s t  increase  
in t o t a l  c y c l e  e f f i c i e n c y  can be obtained.  

(CYCLE, EFFICIENCY, 
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The o v e r a l l  thermal e f f i c i ency  of severa l  processes  i n  t h e  chemical i ndus t ry  
is ca lcu la t ed  from production units. The ind iv idua l  e f f i c i e n c y  of  a s t e p  was found 
to  be 80% o r  less. Assuming an average thermal e f f i c i e n c y  f o r  each s t e p  t o  be 709, 
t h e  o v e r a l l  e f f i c i e n c y  of two-, three-  and four-step processes  a r e  es t imated t o  be 
S O ,  35 and 2 5 % ,  r e spec t ive ly .  Extzapolat ion of t hese  r e s u l t s  t o  t h e  thermochemical 
decom;?osition of water leads  t o  the  conclusion t h a t  t h e  process  n u s t  c o n s i s t  of 
three s t e p s  o r  lzss i n  order  f o r  its ef f ic iency  t o  exceed t h a t  Qf e l e c t r o l y s i s .  

1 .  

i o  (CYCLE, EFFICIENCY, ELECTROLYSIS) 

E77 21126 A COMPUTER-AIDED SEARCH PROCEDURE FOR THERMOCHEMICAL WATER-DECOMPOSITION 
PROCESSES 

I Yoshida, K. ,  Kameyama, H.,  Toguchi, K., (Department of Chemical Engineering Universi ty  
of  Tokyo, Tokyo, Japan) ,  I n t e r n a t i o n a l  Journal  of Eydrogen Energy, V 1:123-127, N2, 

thermochemical wa te r - sp l i t t i ng  cyc les  which u t i l i z e  t h e  high temperature hea t  from 
a nuclear  r eac to r .  
are presented.  

(CYCLE, COMPmR, TEMPERATURE) 

. -1976 
A sys temat ic  computer-aided method has been developed t o  search f o r  c losed  

This computer program i s  descr ibed and r ep resen ta t ive  r e s u i t s  

E77 21127 HYBRID CYCLE W I T H  E-XCTROLYS IS USING Cu-C1 SYSTEM 

Dokiya, M., Xotera,  Y . ,  (Nat ional  Chemical Laboratory f o r  Indus t ry ,  Tokyo, J apan) ,  
I n t e r n a t i o n a l  j ou rna l  of Hydrogen Znergy, V 1:117-121, N2, 1976  

A hybrid thermochemical-electrolysis  water s p l i t t i n g  cyc le  is proposed and 
pre l iminary  e - q e r i n e n t a l  r e s u l t s  a r e  presented. The e l e c t r o l y t i c  s t e p  of t he  cyc le  
c o n s i s t s  of  t!!e cat!!odic reduct ion  of hydrochloric ac id  and t h e  anodic oxida t ion  
of Cu+ t o  Cu2+. 
peratuxe above 600OC t o  produce .p2, Cucl and HC1. 

The cyc le  is c losed  by t h e  reac t ion  of CuC12 w i t h  stezm a t  a t e m -  

- I .  

(CYCLE, ELZCT30LYSISI COPPER) 

H77 21128 EIYDROGEN PRODUCTION VIA THEEWOCIIEMICAL CYCLES BASED ON SULFUR CHEMISTRY 

S o l i m n ,  M.A., Conger, W.L., Carty,  R.H., Funk, J . E . ,  Cox, K.S., (College of  Engineer- 
i ng ,  The Univers i ty  of  Kentucky, Lexington, XY), I n t e r n a t i o n a l  Journa l  of Hydrogen 
Energy, v 1:265-270 ,  ?12, 1 9 7 6  

chemistry i s  presented. This c l a s s  is  described by t h e  following se t  of chemical 
r eac t ions :  

A c l a s s  of c losed  thermochemical cyc le s  fo r  hydrogen production 'based on s u l f u r  

.-. . . M + E 2 0  = MO + 8 2  (low temperature) 

Et0 i 1.5502 = S O 4  i .5S (low temperature) 
MO + 0.5s = M t-d.SS02 (high temperature) 

M504 = W O  + SO2 + 0.502 (high temperature) 
E q e r i m e n t a l  i nves t iga t ion  of some of Lhe reac t ions  is presented.  Themodynanic 
a n a l y s i s  i n d i c a t e s  e f f i c i e n c i e s  of the range of 40-509 and sometimes higher .  ?lot 
a l l  of the r e a c t i o n s  i n  tho proposed cyc le s  Save been v e r i f i e d  i n  Lhe l i t e r a t u r e  

, o r  through experimentat ion.  

(CYCLE, S U L W B  , TSEFJYODYYAMICS) 

H77 21129 TIiE E D U C T I O N  OF HY3ROGZN BROiXIOE USIXG TWSITION METAL COKDOU'NDS 

Mason, C.F.V., (Los Xamos S c i e n t i f i c  Laboratory, Universi ty  of Ca l i fo rn ia ,  IDS 
Alamos, X M ) ,  i n t e r a a t i c n a l  j ou rna l  of HyO-ogen Energy, V 1:427-434 ,  3 4 ,  1977 

bromide t o  f o m  chronic  bromide and hydrogen are examixed a t  room temperatlxe.  ?he 
prOceSS, a l thouqh thernociynamically favorable ,  is extremely slow k r n e t x a l l y .  .Yar!ced 
inc reases  i n  r ace  have been obtained by using Lye hydra te ,  pyr id ine  and Cipyridyl  
complexes of  chromiun.. I n  conjunct ion w i = !  c a t a l y s t s ,  hydrogen y i e l d s  of up t o  71% 
i n  10 min have been obtained.  
framework of c losed  t h e m c h e m i c a l  cyc les  fo r  prepar ing  hydrogen. 

Ways O f  a cce l e ra t ing  tke  recox r eac t ion  between chromous bronide and hydrogen 

The s igni f icance  of  these  r e s u l t s  i s  discussed i n  the  

* (REACTION, BROMIYE , CPCX , KIXETICS) 
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conducted i n  a f l a t  cel l  with a Fresne l  l e n s  and concent ra t ing  the  remaining s o l a r  
energy on a t h e r n o e l e c t r i c  generator  which produces electric power f o r  the  e l e c t r o l -  
y s i s  s tep .  The o v e r a l l  e f f i c i e n c y  i s  e s t i s a t e d  t o  be a s  high a s  15-259.  

(SOLAR, CYCLE, ELECTROLYSIS, PHOTOCHE-XICAL) 

23632 

Hi7 23631 HVDE(0GEN PRODUCTION USING SOLAR RADIATION 

Ohta, T. ,  (Yokohama National  Univers i ty ,  Yokohama, J apan) ,  Veziroglu,  T.X., (Univer- 
s i t y  of  Miami, Coral Gables, F L ) ,  i n t e rna t iona l  Journal of Hydrogen Enerqy, V 1:255- 
263, X2,  1976 

Various wa te r - sp l i t t i ng  methods using so lar  energy a r e  reviewed and compared t o  
each o the r .  Direct thermal nethod has the  highest  e f f i c i e n c y ,  however it poses 
d i f f i c u l t i e s  because of t he  need f o r  hea t - res i s t ing  ma te r i a l s .  Thermocheinical method 
becomes promising i f  co r ros ion - re s i s t i ng  mater ia l s  a r e  found. E l e c t r o l y t i c  method i s  
Straightforward acd convent ional .  Bowever, a hybrid system comjining e l e c t r o l y t i c  
method with thermoche-mica1 and/or ghotochernical methods looks pronis ing  and is be- 
l i eved  t o  r e s u l t  i n  optimun conversion e f f i c i e n c i e s  i n  the  near  fu tu re .  Photo lys i s  
and biochemical methods a r e  environmentally m s t  acceptab le ,  bu t  are of low conversion 
e f f i c i e n c i e s  present ly .  

(SOLAR, EFFICIENCY, PHOTOCIIEAXICZ) 

H77 23632 CONVERTING SOLAR ENERGY TO HYDROGEN: ANSWER TO U.S.'S LONG-RANGE ENEXGY 
NEEDS? 

Garyet,  D., (Univers i ty  of  Colorado, Boulder, C O ) ,  C i v i l  Engineering - ASCE, 63 p . ,  
Jan  1976 

Looking t o  t h e  year  2000, a hydrogen economy may o f f e r  an a t t r a c t i v e  opt ion  t o  
nuc lear  power. Hydrogen could  f u e l  electric power p l a n t s ,  home furnaces ,  s toves  and 
even au tonobi les .  

. 

(SOLAR, XUCLEAR, ENERGY SOURCE) 
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I 1  I I- UTILIZATION 

H77 31044 VULNERABILITY OF ADVANCZD AI3CCRAFT FUEL TO BALLISTIC AND SIMULATED 
L I G H T N I N G  THPZATS 

Lipper t ,  J . R . ,  ( A i r  Force F l igh t  Dynamics Laboratory, Wright-Patterson AFB, O H ) ,  
I n t e r n a t i o n a l  Journa l  of  Hydrogen Energy, V 1:321-330, N3, 1976 

b i l i t y  and i d e n t i f y i n g  hazards assoc ia ted  w i t h  advanced ( a l l  bu t  n a t u r s l  petroleum) 
f u e l s  t o  determine t h e i r  f e a s i b i l i t y  f o r  use i n  m i l i t a r y  a i r c r a f t .  
concerned with m i l i t a r y  a i r c r a f t ,  t h e s e  hazards would a l s o  apply i n  l imi t ed  degree t o  
c o m e r c i a 1  a i r c r a f t .  The i n i t i a l  advanced fuel  s e l e c t e d  f o r  t e s t i n g  was Liquid 
Hydrogen (LH2).  I n  add i t ion  t o  assess ing  it as a candida te  petroleum fLel  a l t e r n a t e ,  
t hese  tests with LH2 ( t h e  c o l a e s t  f u e l  under cons idera t ion)  could r evea l  problems 
a s soc ia t ed  wi th  a cryogenic fue l .  I n i t i a l  survey tests repor ted  he re in  compared t h e  
response of confined LH2 and JP-4 t o  b a l l i s t i c  impacts and l i gh tn ing  s t r ikes .  The 
r e a c t i o n  of LH2 r e s u l t s  i n  less sewre hydrauiic ram and reduced f i r e .  The responses 
Of LEI2 t o  l i g h t n i n g  s t r i k e s  i n d i c a t e  t h a t  s c r ikes  through vented gas e x t e r n a l  t o  t h e  
s t r u c t u r e  does n o t  pose a se r ious  prcblem. iiowever, t h e  i n t e r n a l  a r c ing  e f f e c t  is  a 
more complicated phenomenon and r equ i r e s  fu r the r  i nves t iga t ion .  

(AIRCRAFT, FLTS, SAFETY) 

The Advanced Fuel Vulnerabi l i ty  program is aimed a t  a s ses s ing  r e l a t i v e  vulnera- 

Although pr imar i ly  

877 32071 XATZR INDUCTION I N  BYDROGEN-POWEED I C  ENGIXES 

Moolley, R . L . ,  Henriksen, D.L., ( B i l l i n g s  Energy Research Corporation, Provo, UT) , 
I n t e r n a t i o n a l  j o u r n a l  of  Hydrogsn Energy, V 1:401-412, N 4 ,  1977 

Addit ion of water  t o  t he  hydrogen-air mix tu re  i n  t h e  in take  manifold i s  an e f f ec -  
t i v e  means o f  both suppressing the  tendency t o  backf lash  and reducing the  production 
Of oxides  o f  ni t rogen.  T e s t s  a r e  run on a Dodge 4 4 0  C I D  V8 engine having a compression 
r a t i o  of  1 2 : l .  Dranat ic  reduct ion i n  oxides  of n i t rogen  i s  observed a s  t h e  water flow 
i s  increased ,  y e t  e s s e n t i a l l y  no change is cbserved i n  e i t h e r  power or e f f i c i ency .  
Exhaust temperature ,  NOx, end equivaLence r a t i o  is measured a t  each exhaust  valve.  It  
is  found t h a t  a l a r g e  cy l inde r  t o  cy l inde r  va r i a t ion  i n  NOx production i s  caused by 
s l i g h t  non-uniformity i n  mixing of t he  hydrogen-air s t r e a m .  I t  i s  f u r t h e r  shown t h a t  
NO% proCuction is an exponent ia l  func t ion  of  equivalence r a t i o ,  water  t o  hydrogen mass 
r a t i o ,  and engine speed. 

(FUZL , I C  ENGINE , POLLUTION) 
*. - 

H77 32072 PERFORMANCE AND EXISSIONS OF HYDROGEN FUELED INTERNAL COiYBUSTION ENGIXJES 

D e  Boer, P .C.T. ,  XcLean, W . J . ,  Homan, H.S., (Cornel l  Universi ty  I thaca ,  N Y ) ,  I n t e r -  
n a t i o n a l  Jou rna l  of  Sydrogen Energy, V'1:153-172, N 2 ,  1976 

* A  desc r i3 t ion  is  given of t h e  d i f fe rences  between hydrogen engines and engines 
running on hydrocaibcn fue l s .  The remarkable p rope r t i e s  of hyaroqen provide t!!e 
p o t e n t i a l  o f  Sigh the-mal e f f i c i ency  a t  p a r t  load ,  by opera t ing  the  engine un th ro t t l ed  
wi th  l ean  mixtxres .  They a l s o  a r e  the  cause of pre- igni t ion  and backf i r ing  p rob lem.  
The l a t t e r  problams can be solved i n  a number of ways, among which a r e  the  u s e  of 
d i r e c t  cy l inde r  f u e l  i n j e c t i o n ,  of  lean  mixtures,  o r  of low compression r a t i o s .  Direct 
c y l i n d e r  i n j e c t i o n  has the  add i t iona l  advantaqe of providing a hiqh maximu? power out-  
put .  A d e t a i l e d  d iscuss ion  is given of t h e  t h e m a l  e f f i c i e n c y  of hydrogen engines.  
Also d iscussed  a r e  phenomena leading  t o  i r r e g u l a r  enqine operat ion such a s  sur face  
i g n i t i o n  and spark knock. A d e t a i l e d  ana lys i s  is  given of NO production. For lean 
mixtures  t h e  ?IO emissions a r e  l i n i t e d  by t h e  r a t e  of f c r s a t l o n ,  and f o r  r i c h  n i x t u r a s  
by t h e  r a t e  of decompasition during t h e  expansion process .  NO emissions a r e  neg l ig ib ly  
s m a l l  f o r  f u e l - a i r  equivalence r a t i o s  below about 0.55. Peak NO ernissions occur a t  
equivalence r a t i o s  near  0.8, and a r e  of t he  same order  a s  f o r  gaso l ine  engines.  I t  i s  
concluded t h a t  the  hydrcqen engine i s  a p r a c t i c a l  p o s s i b i l i t y ,  l i k e l y  t o  f i n d  a number 
of  a p p l i c a t i o n s  wi th in  the  next  few decades. 

( I C  EXGINE , POLLUTION , FbTL) 

. 
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I V ,  TRANSMISSION, DISTRISUTION, AND STORAGE 

EX77 40432 A NEW HYDROGEN STORAGE ELECTRODE 

~ 

Bronoel,  G.,  Sar rad in ,  J., Bonnemay, M.,  (Laboratoire  d 'E lec t ro lyse  du CNRS,. France) ,  
Percheron, A . ,  Achard, J . C . ,  Schlapbach, I,., (Laboratoire  des  Terres Rares DU CNRS,  
F rance) ,  I n t e r n a t i a n a l  Journa l  of Hydrogen Energy, V 1:251-254, N2, 1976 

charge t o  s t o r e  nydrogen on compounds such as LaNiS. Using an a l k a l i n e  medium (ROH 
5N) i n  an unpressurized system a t  20°C,  t he  mass capac i ty  was found t o  be approximately 
330 mhH/g (SH/mol LaNi5). Comparison of  these r e s u l t s  wi th  t h e  sol id-gas  isotherms 
ind ica t ed  t h a t  the  hydrogen i s  he ld  i n  a non-equilibrium s t a t e .  The inf luence  of 
temperature,  s toichiometry and s u b s t i t u t i o n  i n  t h e  LaNi5 on t h e  capac i ty  a r e  presented.  

c I 
This  paper p re sen t s  experimental  evidence t h a t  it is  poss ib l e  t o  use a ca thodic  

1 

(CATHODE, LANTXAVUX , ELECTRODE ) '. 

H77 40616 ECONOMICS OF CRYOCABLES 

Voth, R.O., Hord, J., (Cryogenics Divis ion,  I n s t i t u t e  f o r  Basic  Standards,  Nat ional  
Bureau of Standards,  Boulder,  CO) , In t e rna t ioca l  J o u r c a l  of Hydrogen Energy, V 1:271- 
289, N2, 1976 

This  paper examines t h e  t echn ica l  anc! economic f e a s i b i l i t i e s  o f :  (1) using 
cryogenic  hydrogen t o  cool  a.c.  c r j o r e s i s t i v e  or i . c .  superconducting power tranamis- 
s i o n  cables and, (2) d e l i v e r i n g  l i q u i d  hydrogen concurren t ly  with c r y o r e s i s t i v e  o r  
superconducting e lectr ical  power through a common cable. 
op t ions  considered a r e  subcooLed l i q u i d  and slush. Cryogenic n i t rogen  and helium 
coo lan t s  a r e  a l s o  considered f o r  c ryo res i s t i ve  and superconducting cables ,  r e spec t ive ly ,  
t o  provide re ference  da ta  f o r  comparison with our H2-coolant c a l c u k t i o n s .  Thermo- 
dynamic ana lyses  a r e  performed t o  optiznize the coo ian t  flow r a t e  and r e f r i g e r a t o r  
spacing f o r  each s p e c i f i c  coolan t ,  coolant  f lu id  s ta te ,  cab le  des ign ,  cab le  in su la t ion  
qua l i t y  ana energ;r de l ive ry  opt ion.  Tke u s e  of hydrogen a s  a coolan t  i n  e l e c t r i c a l  
cab le s  is  d iscussed  from a s a f e t y  viewpoint. Helium-cooled and hydrogen-cooled 
superconducting power tzansmission l i n e s  a r e  shown t o  be economically competi t ive and 
o f f e r  lower un i t - t r ansn i s s ion  c o s t s  than conventional underground power l i n e s .  The 
hybr id  hydrogen-superconducting cable  concurrently t r ansmi t s  l i q u i d  hydroqen and elec- 
t r i c i t y  a t  t h e  lowest u n i t  c o s t  of a l l  cryocable energy systems examined. 
cooled power l i n e s  and hybzid hydrogen-electric energy cables  appear t o  be t echn ica l ly  ~ 

and economically f e a s i b l e ;  however, they do not c u r r e n t l y  provide s u f f i c i e n t  economic 
incen t ive  t o  warrant  t!!e increased hazard o f  operat ion.  

Cryogenic hydrogen coolant  

= .  

Hydrogen- 

(ECONOMICS, CXYOGZNIC, HELIUW 

877 40617 YASA SPACE ?ROGRAM EXPEXENCE I N  HYDROGZN TXUSPO3TATION AND HANDLING 

Bain,  A.L., (NASA, SO-ENG-2 Xennedy Space Center, FL),  I n t e r n a t i o n a l  Journal  of Hydro- 
gen Energy, V 1, N2, 1975 

This  paper po r t r ays  the  experience qained i n  t h e  t r anspor t a t ion  and handling of 
hydrogen i n  s'c1133ort of t he  Apollo launch s i t e  IC Kennedy Space Center (KSC), FL, one 
cf NASA's prig.e hydrogen users  i n  the  Space Program. The ob jec t ive  of the  paper i s  
b a s i c a l l y  t o  r evea l  tSe cyaes of systems involved i n  handling hydrogen, s a f s t y  prac- 
t ices,  ope ra t iona l  techniques,  o tSer  genera l  exper,ience information,  and pr imar i ly  t o  
convey the  rout inism by which t h i s  p o t e n t i a l  fuel of t he  f u t u r e  has a1reaC:r been 
handled i n  s i g n i f i c a n t  q u a n t i t i e s  for a number of years .  

(TRANSPORTATION , SAFETY , SYSTLY) 

H77 43070 NMR STUDIES OF STRUCTURE AND DIFFUSION I N  METAL HYDRIDES 

Bowman, R.C., Jr., A t t a l h ,  A . ,  Tadlock, W.E., (Monsanto Research Corporation, Miamisburg, 

= f  + h e  -.._ *run -..L\ uocp A - L -  pL""LU' ---.---- *.IL"L, , ,UC-". .  :-=----+.;-- "?I the :=t!Lr= n f  t h e  lattice sits. n r r q i e d  hy 

OH) , I n t e r n a t i o n a l  Journal  of Hydrogen Enerqy, V 1:421-426, N4, 1977 

mine t h e  pro ton  l ineshapes  and nuclear  re laxa t ion  t i m e s  i n  m e t s l  hydrides.  
Various pulse  nuc lear  magnetic resonance ( N M R )  techniques have been used t o  de t e r -  

Analysis . -  
s protons  and on the  kfdrogen d i f fus ion  parameters. The e f f e c t s  of hydrogen concentra- 

t i o n  and t e n p r r a t u r e  on hydrogen d i f fus ior .  i n  vanadiuin hydride has Seen i cves t iga t ed .  
NMR measurements hsve also Seen Ferforned on the two izoc- t i tanium (FeTi) hydride 
phases .  The implications of wi?. s t u d i e s  on the genera l  behavior of metal hyci:ides a s  
hydrogen s t o r a g e  n a c e r i a l s  is b r i e f l y  discussed. 
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A77 43071 PHYSICAL .NETALLURGY O F  FeTi-HYDRIDE AND ITS BEHAVIOUR I N  A HYDXOGEN 
STORAGE CONTAINER 

Pick, M.A., Wenzl, H . ,  ( I n s t i t u t  fiir Festkdrperforschung, Xernforscbungsanlage J i f l ich ,  
West Germany), I n t e r n a t i o n a l  Journal  of  Hydrogen Energy, V 1:413-420, N 4 ,  1977 

FeTi-samples have been prepared and cha rac t e r i zed  by metallography, X-ray 
d i f f r a c t i o n ,  neutron d i f f r a c t i o n  and s p e c i f i c  h e a t  measurements. The condi t ions f o r  
t h e  presence of t h e  ordered C s C l  s t r x t u r e  a t  room temperature have been inves t iga t ed .  
This  material has Seen used t o  study FeTi-hydrides, e s p e c i a l l y  t h e  s t r u c t u r e ,  phase 
t r a n s i t i o n  and t h e  heat  of r eac t ion  a s  a function of t he  hvdrosen c o n c w t z a t i c n .  The 
h e a t  of r eac t ion  i s  30 kJ/nole H 2  f o r  0.05tct3.5 (c = atomic r a t i o :  atoms Ii/atoms metal) .  
The h e a t  of s o l u t i o n  (c+O) is approx. 130 kJ/mole H2. The FeTi ma te r i a l  has been used 
t o  b u i l d  and ope ra t e  a s m a l l  hydrogen s torage  con ta ine r  (1 Nm3H2) a s  an a l t e r n a t i v e  
t o  high .pressure hydrogen gas con ta ine r s  i n  t h e  l abo ra to ry .  

( IRON,  TITANIUM, HYDRIDE) 

.* 
H77 43072 METAL HYDRIDE STORAGE FOR MOBILZ LVD STATIONARY APPLICATIONS 

Hoffman, K.C., R e i l l y ,  J.J., Salzano, F . J . ,  Waide, C.H. ,  W i s w a l l ,  R.H., Winsche, W.E., 
(Brookhaven Nat ional  Laboratory, Upton, NY), I n t e r n a t i o n a l  Jou rna l  of Hydzogen Energy, 
V 1, N 2 ,  1976 

age of hydrogen. These compounds previae fo r  compact s to rage  i n  a f o r n  t h a t  i s  equal  
to  or b e t t e r  than cryoqenic l i q u i d  hydrogen on a voluve bas i s .  Considerable research 
has gone i n t o  t h e  study of hydrides der ived from rare e a r t h ,  i r o n - t i t a n i m  and mag- 
nesium a l l o y s .  The fo rna t ion  of t hese  compounds is  r e v e r s i b l e  and t h e  c h e n i s t q  of 
r e l e v a n t  hydrides has Seen discussed. Beat must  be provided t o  decompose these  ccmpounds 
and r e l e a s e  t h e  hydrogen, while h e a t  is l i b e r a t e d  when t h e  compounds are formed and 
must be removed t o  allow t h e  hydridinq reac t ions  t o  proceed t o  completion. The i ron-  
t i tanium ar.5 mgnesium a l l o y s  a r e  e s p e c i a l l y  promising hydride s to rage  media, t h e  former 
i n  s t a t i o n a r y  a p p l i c a t i o n s ,  o r  where weight is n o t  a l i m i t i n g  considerat ion,  and t!e , 
la t ter  f o r  mobile app l i ca t ions .  Each of these m a t e r i a l s  has unique pressure-tempera- 
t u r e  c h a r a c t e r i s t i c s  and r e a c t i o n  k i n e t i c s  which n u s t  be consiCered i n  t h e  desiqn of a 
hydrogen s t o r a g e  system. These s p e c i a l  c h a r a c t e r i s t i c s  a r e  discussed f o r  p a r t i c u l a r  
a p p l i c a t i o n s .  The r e s u l t s  of recent work on hydrogen s to rage  development and t h e  en- 
g inee r ing  des ign  of s to rage  systerns are reviewed. 

( I R O N  , ALLOY, STORAGE, MAGNESIUM) 

Metal hy&iZes o f f e r  t h e  p o s s i b i l i t y  of a convenient and s a f e  method f o r  t h e  s t o r -  

H77 43073 HYDROGEN STORAGE V I A  IXON-TITANIUM FOR A 26 M J ( e )  PEXZING ELECTRIC PLANT ,. 
Beaufrere ,  A.H., Salzano, F.J.,  Is ler ,  R . J . ,  Yu, W.S. ,  (Department of Applied Science; 
arookhaven Nat ional  Laboratory, Upton, NY) , I n t e r n a t i o n a l  Jou rna l  of Hydrogen Er.ergy, 
V 1:303-319, N3, 1976 

Work i s  i n  progress a t  t he  3rookhaven National Laboratory for t he  development of 
bulk stcrage techniques f o r  hydroqen using iron-ti tanium. The ?rc:rsm c o n s i s t s  of 
a v a r i e t y  of a c t i v i z i e s  which include engineering a n a l y s i s  and desiGn of a 1arq.e Sulk 
hydrogen s t o r a g e  f a c i l i t y ,  engineering-scale tescs,  work on the  s e l e c t i o n  and develop- 
ment of s u i t a b l e  i ron-t i tanium a l l o y s ,  and t h e  cons t ruc t ion  of a l a r g e  prototype 
energy s t o r a g e  syscern. aased on these  engineering s t u d i e s ,  a p r i l i z i n a r y  ? l a n t ,  with 
hyCrogen production v i a  water e l e c t r o l y s i s ,  i ron-t i tznium n e t a l  hyCrlde hydrogen s t o r -  
age beds ana hgdrogen-air f u e l  cel ls  f o r  reconversion t o  e l e c t r i c i z y .  Cost e s c i n a t e s  
of  a similar p l a n t  incorporat ing advanced technology components ars xade and compared 
wi th  allowed c o s t s  f o r  SIX:? s y s t e m .  3escr i ; t ion of R & D requizezents  t o  achieve 
t h e s e  g o a l s  is discussed. 

( I R O N ,  TITANIL'X, UALYSIS , STORAGE) 

H77 43074 A HIGH-EFFICIENCY ?OWEX CYCLE I N  WHIcfI NrDROGEN IS CODFESSED BY ABSORP- 
T I O N  I N  .YET= HYDRIDES 

Powell, J . R . ,  Salzano, ?.J., Yu, W.S., Milau, J.S., (Brookhaven Xa=ional Laboratory, Lipton 
NY), Sc ience ,  V 193:314, N4250, 1 9 7 6  

A high-eff ic iency sower cyc le  is  proposed i n  which molecular kydrogen qas is used 
aS a working f l u i d  i n  a regenerat ive closed Brayton cyc le .  The tyErogen gas i s  com- 
p res sed  by an abso rp t ion -desoq t ion  cyc le  on metal hydride (FeTiRx! beds. Low-temper- 
a t u r e  s o l a r  o r  geothe,qal h e a t  ( temperature about 1OOoC) is used f z r  t h e  compression 
p rocess ,  and high-temperature f o s s i l  f u e l  o r  nuc lea r  heat  (tern?ersr;l=e about 70OoC) 
s u p p l i e s  t h e  expansion work rn the  tu rb ine .  Typ ica l ly ,  3 5 0 U t  90  ;==tent  of t h e  high- 
temperature  h e a t  i npu t  is converted t o  e l e c t r i c i t y ,  w n i l e  :bout 3 k;iowatts of low- 
temperature  h e a t  i s  required per k i lowa t t  of e l e c t r i c a l  Output. 

(CYCLE. ELECTRICITY,  3RAYTON CYCLE) 
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H77 4 3 0 7 5  HYDROGEY STORAGE BY BINARY AND TERNARY INTE-RMETALLICS FOR ENERGY APPLICA- 
TI3NS - A REVIEW 

Newkirk, R . W . ,  Aug 1 9 7 6 ,  UCRL-52110 

s o l u t i o n  t o  s torage  problems i n  t h e  use of hydrogen a s  an a l t e r n a t i v e  f u e l  €or  many 
app l i ca t ions .  For s e l e c t e d  systems, tfiis r t p o r t  reviews and summarizes theo r i e s  of 
s to rage  opt imiza t ion ,  experimental  procedures,  p roper ty  d a t a ,  p o t e n t i a l  app l i ca t ions  

f ac to r s .  The systems surveyed a r e  those  binary,  t e rna ry ,  and complex i n t e r m e t a l l i c  
compounds conta in ing  a member of t he  t r a n s i t i o n  element series, a member of t h e  r a r e  

Binary and t e rna ry  i n t e m e t a l l i c  conpounds a r e  being considered a s  a poss ib le  

for s t a t i o n a r y  and mobile energy s to raqe ,  resource and economic ana lyses ,  and s a f e t y  

43075 
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I 

I e a r t h  series, and/or a me-nber of t h e  a c t i n i d e  series. 
I 

(INTERMETALLICS STORAGE, S-TY) ' 
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i 50026/52165 

V. .SAFETY 

I177 50026 IS HYDROGEN SAFE? 

Hord, J., (Nat iona l  Bureau of Standards,  Department of Commerce, Vashington, DC), 

The s a f e t y  a spec t s  of hydrogen a r e  s y s t e n a t i c a l l y  examined and compared wi th  those 
of  metnane and gasol ine .  Physical  and chemical proper ty  da t a  f o r  a l l  t h r e e  f u e l s  a r e  
compiled and used t o  provide a bas i s  f o r  comparing the  var ious  s a f e t y  f e a t u r e s  of t he  
t h r e e  fue l s .  Each f u e l  is  examined t o  evaluate  i t s  f i r e  hazard,  f i r e  damage, explos ive  
hazard and explos ive  damage c h a r a c t e r i s t i c s .  The f i r e  c h a r a c t e r i s t i c s  of hydrogen, 
methane and gaso l ine ,  while  d i f f e r e n t ,  do not l a r g e l y  favor  t h e  p re fe r r ed  use of any 
one of t he  t h r e e  fue ls :  however, t he  t h r e a t  of f u e l - a i r  explosions i n  confined spaces  
is g r e a t e s t  f o r  hydrogen. 

O c t  1976, NBS-TN-690 

(EXPLOSION, FIRS r FUEL , GASOLINE HYDROGEH , .ETHANE , SAFETY) 

877 52159 HYDROGEN TRANSPORT AVD EKBRITTLEMENT I N  STRUCTURAL METALS 

Louthan, M.R., Jr., Caskey, G.R., Jr . ,  (Savannah River Laboratory,  E.E. du Pont de 
Nemours h Co. Aiken, SC), I n t e r n a t i o n a l  Journal  o f  iiydrogen Energy, V 1:291-305, N3, 
1976 

The c l o s e  r e l a t i o n s h i p  between hydrogen t r a n s p o r t  and embrit t lement i s  ind ica t ed  
by evidence of  hydrogen absorpt ion preceding degradat ion of  mechanical p rope r t i e s .  
Concentrat ion of hydrogen ac  a crack o r  flaw by a i f f u s i o n  o r  by t r anspor t  wi th  moving 
d i s l o c a t i o n s  is probably necessary a l so .  Eqe r imen ta l  s t u d i e s  show t h a t  hydrogen 
permeation is s i g n i f i c a n t l y  inf luenced by surface condi t ions ,  p a r t i c u l a r l y  oxide f i lms ,  
and i n t e r n a l  de fec t s  and impur i t i e s  t h a t  t r a p  d i f f u s i n g  hydrogen. The usual  thermo- 
dynamic and d i f f u s i o n  r e l a t i o n s ,  t he re fo re ,  do no t  p r e d i c t  accura te ly  t h e  f i n a l  d i s t r i -  
bu t ion  of hydrogen and the  k i n e t i c s  of t h e  processes.  . (EMBRITTLELXENT, ABSORPTION, DIFFUSION) 

H77 52160 SYDROGEN PROBLEAMS IN ENERGK RELATED TECHNOLOGY . 
' Hir th ,  J . P . ,  (Meta l lurg ica l  Engineering Department, Ohio S t a t e  University, .Colunbus,  + 

O H ) ,  Johnson, H.H.,  (Mater ia l s  Science Center,  Corne l l  Universi ty ,  N Y ) ,  Cor- 
ro s ion  - NACE, v 32, N 1 ,  1 9 7 6  

A survey of hydrogen degradat ion problems i n  energy r e l a t e d  systems i s  presented.  
Nine sepa ra t e  phenomenological c l a s s i f i . i a t i ons  of such degradat ion a r e  presented.  Key 
a r e a s  of unsolved problems and needed research a r e  sgec i f i ed .  Hydrogen embrit t lament 
mechanisms and hydrcgen a t t a c k  i n  p a r t i c u l a r ,  a r e  pinpointed a s  c r u c i a l  a r eas  re- 
q u i r i n g  s tudy .  

(ENERGY SYSTEM, CORROSION, MECHILVISM) 
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